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Seasonal average, 1895-1916 CJg. .SO).-The eat snow- 
fall of the exposed highlands, the locd snow s f iadows and 
the relatively light snowfall of the comt show that the 
features apparont in tlio niaps of individual seasons have 
sufficient repetition to bn shown RS usual phenomena. 
Only on the coldest part of the coast (Maim) does tho 
heavy shore snowfnll of tho lato wintor make tho total 
greater than that ti short clistarico inland. 

FIG. 30.-Mean seasonal snowlall, lor 1895-1916. [Am. geogr. soc.] 

SUBIMART. 

Air temperat.ure is prob:ibly t,he fiist factor in clet.er- 
iiiining snowfall. The Intit,ude and nltit.ude differcnces 
in teni erature cause t,lie lienvieat snowfall so far as 

liiglilancls. Similarly, the most snow tends to c.ome in 
tho coldest month, escc t, in the nort>li in winters colder 
tBaii usual. Although s nmiary is as cold as February, 
the snow-bearing winds of February are the colder and 
so the snowier. TIie wniinth of t81ic coast is less favor- 
able for snowfd than the coldnoss of the iiit,erior. 

mTitliout. precipit,nt,ion, liowcrer, there can be no snow- 
fall. Precipit,ation is greatest. on highlaiirls new or 
facing bodies of water zind near tlie paths of cyclone 
centers. The seaqonal variations are small in amount,. 

Wind direc.t,ion during precipitat,im is the t,hircl ini- 
port.ant factor controlling snowfall. Windward slopes 
of mountains and lcewarcl shorts tend t.o have tho most 
preci )it,atioii. Combine the effect,s of these three fact,oi-s, 

esplainetl. Tlie highlauds are the snowiest; for t h y  
are cold, moist., and windy. Partic.ulxrly snow-;y are 
those slopes wliich are openly esposetl to easterly or 
northaast.t?l;ly winds or, as in t,he nort,h, t.o t,lie westerly 
winds from the Gment Ltkes. The int,nriiioritano valleys 
lia\-c loss snowfall bec:iuse of the higher tenipwature, 
less precipit,at.ion, and ltss esposure. In tlio c,oast,al 
region there is plenty of prwi it>ation, and open exposure, 

contro s ed by temperat,ure t.o be in the nort,h and on the 

and t \ ie dist.rihutim of snow-fdl in New England mny be 

for the most part, so that t i e  f-) snowfall depends chiefly 

on the t,emperatures. Thus in early winter the snowfall 
is less than in late winter; in early winter the snowfall 
on the iiiimodiate coast is less t,han that inland, allowing 
for to ographic influences; and in late winter the snow- 
fdl o Y the coast is the heavier. As New England is the 
focw of most of the cycloiies which cross the Uiiitecl 
St.at,es or come up the east coast, there are chalices for 
wide varint,ions in their paths. On this account all 
parts of New England are crossed by numerous cyclones. 
As the strongest ones, however, pass south of New Eng- 
laid or cross its southeastern portion, this section from 
time to tinie esperiences estraorclinar snowstorms, a 
great. cliwnct,eristic of the climate of d ew England. 
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THE COLD SPBING OF 1917. 

By PRESTON C. D.~Y, Climatologist and Chief of Division. 

[Dated: Washlugton, D. C., July 3,1917.1 

dayswas lilewise below the normal at zacticall ever 
Weather Bureau st,ation in the United &ates. !&e dtd 
ciencies for the )eriod ranged from about 3 degrees per 
day near all the SJ order lines, to 9 degrees over the in- 
terior districts, roachin estreme values tt5 great as 12 
degrees per day at  kcal points from southeastern I 

Wyoming t,o contrd Ohio. 
After a brief interval of about one week with tempera- 

tures generally, though not materially, above normal 
over most districts east of the Rocky Mountains, another 

eriod of cold set in about May 22,and continued with but 
Few interruptions until the end of the second decade of 
June, a eriod of ahout four weeks. In  duration, amount 

times in area cowred, this second cold period exceeded 
that, first. ment.ionec1. For this period the mean tempera- 
ture was below the normal over all portion3 of the coun- 
try save along the Gulf and South Atlantic coasts, and at  

Over all the interior 
portions the wenthor for these four weeks was almost 
continuously cold, the mean temperature ranging 6 to 8 
degrees bdow the normal, with individual short periods 
htxvin tsmporatureu 10 to 20 clcgrees or mow, below. 
The cfoparturos from the iioivld temperature for this 
period as a whole, are shown by figure 2. 

Considwing the month of Ma in its entirety the tem- 
lerature areraged below nornid in every portion where 
h l  reporting strations of the Bureau are located, save in 
estreme northws t Mon t ana where a single station 
shoimd an oscess of but a few tenths of a degree. This 
osception is prohably due to an inadequate record for the 
norm d . 

An esaininatioii of previous records for May since 1872, 
the earliest year yielding Weather Bureau observations 
from coast to coast, does not clisclose another instance 
when the average temperature for that month wm so 
universdly below the normal. In  other years the nega- 
t.ive clepwtures over local areas, in a few cases, have been 
equal to or slightly greater than those for May, 1917, 
but in no case has the area covered equaled that of the 
month under discussion. 

of the x eparture below the normal temperature, and at  

few point,s in tho far Northwest. 
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Causes of tlie low tem,peratures. 

An examination of the daily weather maps, and tlie 
chart of average pressure and of prevailing wind direc- 
tions for Ma 1917 (XLV-49) shows a preponderance of 
high atmosp, E eric pressure to the north of the up er 
Lakes, and of low pressuro over the northeast(e1ii 8 s -  
tricts, due to the frequent passage of storm areas moving 
from the soutliwest,ern States direct1 across New 
England. The winds over the districts 9 rom the Rocky 
Mountains eastward, were therefore largely from some 
northerly direction, and they carried with them the lower 
tem eratures of the highor latitudes. Under normal 
conxitions the prevailing winds are southerly over large 
areas of the eastern two-t4hirds of t,he country for the 
month of May, and can with t,liem the higlier t.empera- 
tures of the S0ut.h. h e s e  c.onclitions were largely 
reversed during May of the present year and cool northerly 
winds prevailed far south of their usual liniit,s. This con- 
dition was particularly noted in portions of the Mississippi 
Valley and to the eastward. 

The pressure distribution and wind directions were not, 
however, the only factors tending t.0 lower the t.ompera- 
ture. From the Ohio Valley nortlieastward, there was a 
marked absence of sunshine and daytime tem erutures 
were consequently great,ly reduced. Over niuc 7 i of this 
region the mean daily maxinium temperatures ranged 
from 6 t,o 10 degrees below the corresponding i;ormals, 
while the departures of the mean daily minima  ere 
generally about half as great. Similar conditions pre- 
vailed i n  ortions of the Rocky Mountains dist,rict 
where, ar B y on account of absence of sunshine, the 
mean &? temperature niasima were from s to 13 
degrees b ow normal, while the mean minima departurm 
were scarcely onethird as great. In the northern Plains 
States reverse conditions esisted, and under the influence 
of clear skies and dr weather the maximum tempera- 
tures were actually iY iigher tlian the nom&, but the 
intense radiation at night,, as a result of the dry and clear 
conditions of t.he atmos here, caused the night tempera- 
tures to go sufficiently ! ow to overbalance the daytime 
excess and give monthly means below normal. 

Frosts ,not severe. 
Despibe the continued cold, estremely low tempera- 

tures were not of frequent, occurrence, in fact. at, only one 
station, El P s o ,  Tes., did the minimum temperature hr 
May reach a low-er oint than had been previouslyreported 
in thnt month. %wer minimum temperatures in &fay 
than re ort,ed this year have been rather frequent in the 
past. 8or esample, a t  Colunibus, Ohio, during the ast 

report,ecl at  tsliat stat.ion during May, 1917, are of record 
in about one-half the yea,rs. Neither Rere frosts so 
severe as have occurred in trlie same month of other years, 
in fact the soutlicni limit of killing frost (luring May, 
1917, was far nort,h of the h i i t  attained in May of sonit! 
preceding years. 

Cool weatli er a.ii.d ra,iiLfall. 

Cool weather during May is, as a d e ,  accompanied by 
c.onsiclerablt? prec.ipit.ation, because barometric pressure 
conditions responsible for cool weather in this month 
are dso such as to favor considerable rainfall. 
May, 1917, however, large a.retxq with rather mnihed coo 
woat,her, liad also deficient. This was 
especially the case in the 

~ 20 yetux, niiiiimum temperatures as low as, or lower t8 P ian, 

- -Durill! 

the Lakes Region westward to and includin the northern 
portion of Montana. In  t,liis area rainf 9 1 during t,he 
iiiontli was unusually light, lar e areas receiving less 
tlian a te1it.h of an i1ic.h. Rainf& was likewise light, or 
negligible, over considerable areas in the Atlantic and Gulf 
St.ates, especially the latter. In  the princ.ipa1 corn belt. 
however, tho inoiith was nearly everywhere wett>er than 
usual, which wns also the case in some disbricts west of 
the Iloc?ky Mountains. 

E’ects of low temperatwre.. 
Wiiilt? low temperatures ret.arded tho planting and 

gelinination of corn, cotton, aiid other spring crops, and 
delaycrl tlie growth of ardens and truck over the 

to winter \dieat and other hardy cereals which are re- 
ported to have greatly improved during. tlie month. 
Likewise fruit buds which had large1 remained dormant 
escaped damage from the prevai<n cold, although 
sever0 frosts were not esperienced as f ate in the month 
as in some previous years. However, the cool weather 
w t ~ s  mifnvorahle in that it caused crops generally to be 
ba.ch-nrc1, which at  tlie end of May were estimated to be 
from one to t>hree weeks labe throughout, the country. 
This increases the liability to damage b fall frost for 
such crops as lime a long period of growtz. 

In tlie upper Lakes region the continued cool weather 
greatly rctt.tirdcc1 the breaking up and melting of the ice, 
especially in Lake Superior, and over the northern 
strait,s. Prevailing northerly winds forced the ice 
toward the soutlicrii shorcs and much difficulty was 
experienced in moving the large nmount of frei h t  that 
liad ac.cuniula.ted at  the So0 Canal. At the en d of May 
boats were still held in the ice a t  Dulutli, the harbor a t  
Mar uetbe wtu coni detely clloscd and not a vessel 
coul 1 move t,hrough t \ ie ice fields. At Saiilt Ste. Marie 
navigation was greatly delayed and much loss t,o trans- 
yort,nt,ion interest,s resulted. It is stated that not for 
many j w m  has ice in the Lake Superior ro$on hindered 
navigut.icm so 1at.e in the season. As an indic.at.ion of 
the serious int,erruption to traffic, the report of the 
general superintendent on lake commerce through the 
canah at Sault Ste. Marie shows that the tonnage passing 
through tho canals during April and May of the present 
year was less t,lian 65 per cent of the amount carried in 
these mont,lis during t;he preceding year, despite the 
probnble great1 increased demands for trans ortation. 

at Dulut.li was at t,liat time tightly icebound and that a 
number of vessels had been caught in a solid field of ice 
about half a mile outside the harbor. 

sout,ht?rn districts, the coo f weather was not unfavorable 

Press dispatc 7 ies as 1at)e as June 6 stated that t R e harbor 

TEMPERATUEE CONDITIONS PRECEDING THIS COOL SPRINQ. 

East of t.lie Rocky Mountains, except in Montana, 
toiiiperat,ure conditions for the last year or more have 
present,ecl no uiiusual features, there being no note- 
worth 7 de art.ures from t.he noimal for any period of 
consi 2 P  erab u lengt,h. However, in Moiit,ana and from 
t,lie Rocky Mountmains westward the 13 months from May, 
1916, bo May, 1917, inclusive, were remarkable in that 
t.hs ten1 erature remained persist.ently, and in some cases 

a few of the niont.lis. In the central ortion of the 

during this period, each of the 13 months showing nega- 
t,ive clnpart.iires. At. Wiiiiioniuccn., Nev., the temperature 

decided H y, below tlie normal escept in limited areas for 

Plaboau region conditions were specia 8 y remarkable 



I 1 

j 
! 

I 

I 

I 

! 
I 
i 
I 
i 
I 

JUNE, 1917. MONTHLY WEATHER REVIEW. 287 

FIG. I.-Map of IUQW temperiatiire departures from the normals for the 21 days April 2Clday 15, 1917. (OF.) 
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FIO. 3.-Map of mean temperature departures from the normals for the 151 days Janiiarg 1-Mag 31, 1Dl i .  (OF.) 

Frc.. 4.-?dnp Indicating the years showhlg the lowest mean temperature for ?thy, and the areas aUected. 1577-1917. 
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averaged about 4.5 degrees por clay below the normal 
for the 400 days prior to ,June 1, 1917, while for the 5 
months from January t.o May, 1917, the average deficiency 
was about 7 degrees )er day. From January Y to 36, 

a t  Winuemucca was only 5.3' F., or 23 degrees per day 
below the normal. The t>emperature dopart,urou from tho 
normal for different sections of the country from January 
to May, 1917, inclusive, are shown in figure 3. 

Subnormal tempcraturos persistccl in all or portions of 
Montana abo during S months of 1916 and for each of 
the 5 months from January to May, 1917. The t,cmpera- 
ture in the northern portion of that Stmate for thc 17 
months January, 1916, to May, 1917, inclusive, averagntl 
4 degrem per hay below the normal. At tiincs during 
this period Montana esperiouced extremely low tempera- 
tures. From January 2 to February 12, 1916, a period 
of 42 days, the daily mean a t  Havre was about - 12'F., 
or 26 degrees per day below the nornial. During Deccni- 
ber of the same year there \vas another, but short,nr, 
period of extremely cold weather recordcil at  this station 
when for 11 days the temperature averaged - l-I'F., or 
32 degrees per day below t,he normal. 

Lowest ,wi fun. Bfny beni,per.ntu.res. 

Figure 4 shows the years in which t.hc lowest inean 
May temperatures of record occurred and the areas 
affected, as revealed by records for about 45 years. I t  
will be noted by referring to t.liis chart t,hnt 1917 had the 
lowest mean May temperatures of record for a larger 
area than any other year in which low records were estab- 
lished in this month. The area coTercil in 1917 em- 
braces ractically the whole of t.he New En4nnd, Atlan- 
tic, ani  Gulf States, the eastern Lakes figion, Ohio 
Valley, Tennessee, and the middle M ississip ii Valley. 

region, Arizona, ortions of Utiih, Nevada, and California 
had, on the the coldest May since est,ensive t.em- 
peritt ure records have been maintained. 

Tho genr 1907 was that, in which t,he lowest mmn May 
temperatures of record occurrrd over the nest lxrgcst 
area. The low recorda est,ab!ished in May of that y e w ,  
cover much of Tcsas, Oklahoma., Arknnsns and Missouri, 
the upper Mississippi Valley. and also most of t.he Lake 
region and trhe northern border Sbat cs westward to 
Montana. However, in considerable portions of the area 
in which low May records were established in 1917, tlie 
monthly means were oiily slightJy lower than t,liose 
recorded in 1907. 

In  sections of the country in which t,hc lowest, nicnn 
May temperature occurred in yews other than 1907 nmd 
1917, the areas affected in individual years were com- 
arative!y a m d  and the cool conditions were more 

Er ely the result of locd causes. 111 most of South 

Kansas, the lowest mean May temperatures of record 
occurred in 1592, while in much of the northern Rocky 
Mountain and central and northern Plat.eau dist,rict.s the 
lowest records were niade in 15'36 or lS99. 

1917, a period of 19 i \ ays, the mean daily t~cmperaturo 

Likewise the middle and southern Rocky h ountains 

Da a ota, in Nebraska, and in the northern port,ion of 

COLD WEATHER IN EUROPE DURING TIIE WINTER AND 
EARLS' SPRING OF 1917. 

While temperature conditions in t.he United States east. 
of the Rocky Mountains, during the past! winter and 11 ) 
to and including the most of April were not unusua, I 
reports from Europe indicate that this period was cliar- 
acterized by severely cold weather and heavy snowfall. 

Unseasonably cold weather is reported to have set in 
over Europe toward the dose of November, 1916, and 
continued till near the close of A ril, 1917. In  London 

April, 1917, indusive, averaged nearly 4 de rees below 

dimate is largely of the marine ty e. Information from 

ncnt was similarly affected wit.h prolowed cold. How- 
over, about the time the period of col2 weather set in 
over the central and eastmil portions of the United States, 
the last, doctide in April, the persistent, cold in Europe 
wave way to much warmer weather, and t.he month of 
~ a y  WM rather remarldle for unseasonably high tem- 
per"t1Ires.' 

the temperature for the five mont F is, December, 1916, to 

the normal, this being very unusual for a p 5 ace whose 

western and northern Europe in c r  icates that the conti- 

OTHER COLD SPRINGS. 

With respect, to cold springs and summers, the year 
1516 stands out tis the most memorable for ersistent 

country, but in most oPEnrope dso. This is known in 
t.he United Ytnt.es as "the year without a summer," and 
in Europe as " t,he fnrnine year." From tlie information 
at, hand there is no doubt t,hat t,he year 1516 was a most 
disastrous one for awicultural interests. In it  there cul- 
minated a remarkahe de iression of summer tempera- 

tinued till 1817. In ,ortiom of the Central and North- 

every month of 1S12 and 1S16, and well-authenticated 
reports of loss of life by cold in the summer of the latter 
year are on record. $hits and grains, especially c-, 
either part,ially or wholly failed to mature, resulting in a 
scarcity of food not known since that time. 

The year 1859 was also remarkable for the cold weather 
experienced during the late spring or early summer. In 
that year, about June 5, severe cold weather for the 
season occurred in the Middle and North Atlantic States 
and Ohio Valley, temperatures several degrees below 
freezing being rcporbed froni many places, and freezin 
weather was generd in western Pennsylvania an 
nort.hern Ohio. Ice 2 inches thick was reported from 
Johnstown, Pa. 

In  18S2 May was remarkahly cold for the season in 
t,he districbs east of t,he Rocky Mountains, the mean 
temperatures for that month at  many laces being only 

May, 1907, stands nest t.0 1917 as a month of unusual 
cold, as liw been noted previously, but despite the low 
t.em eratares staple crops werc not. materially reduced in 
vied. Likewise in May, 1910, there was a generd and 
lnrge dcficicncy in temperature in cent,rd and eastern 
distric t.s. 

cold weather and damwe to vegetation, not, o s y in this 

tures which began with t, 1 le summer of 1511 and con- 

ern States snow or / rost appears to have occurred in 

d 

1 or 2 degrees higher than the lowest! o r record for May. 

SOME ASPECTS OF T H E  COLD PERIOD, DECEMBER, 1016, 
TO APRIL, 1917. 

[Nature, London, June 25, 1917,99 359.1 

R. C!. Mossman presented, at  tho June 30 meeting of 
the Royal Meteorological Society, remarks on this sub- 
ject. In  the course of his remarks the author said 
that the mean temperature of the British Isles during 
the period under notice, talrino the means of the 12 
divisions used in the Monthly fVeat,her Re orts of the 

the extremes rsngiiig from 3.8 degrees below normal at  
Meteorological Office, was 1.9 degrees C. b 3 ow normal, 

1 In this counection sea following dJStmc?t of addwa by R. C. Mossman as published 
In Nature, June 28, 1917.--Editor. 


